ABSTRACT
INTRODUCTION
Moringa oleifera Lamarck is a species of the mono generic family Moringaceae (order: Brassicales), widely known as the drumstick tree or the horse radish tree, that includes 13 species of trees and shrubs (Fahey, 2005) . M. oleifera is indigenous to Northwest India (Ramachandran et al., 1980) but, at present it is widely distributed in the tropics throughout the Pacific region (Aregheore, 2002) , West Africa (Lockett et al., 2000) , as well as Central America and the Caribbean (Foidl et al., 1999) . Leaves of M. oleifera represent an important source of nutrients for rural populations (Lockett et al., 2000) . Most reports indicate that M. oleifera leaves are rich in protein and contained a lot of amino acids, which is suitable for human and animal nutrition (Gupta et al., 1989; Makkar and Becker 1996) . Fahey (2005) mentioned that M. oleifera considered as a nutrient dense food source because of its high nutritional value of is, pods and seeds. About 100 g of M. oleifera leaves contain four times more vitamin A than the same quantity of carrots, four times of calcium in a cup of milk, iron more than 100 g of spinach leaves seven times of vitamin C in 100 g of oranges and three times of potassium in 100 g of bananas. The protein quality of M. oleifera leaves also rivals that of milk and eggs. Therefore, M. oleifera is a relatively good source of vitamins, minerals and essential amino acids and could be considered as a good alternative to be used to help alleviate the micronutrient malnutrition at household as well as national levels. The micronutrients of major concern include vitamin A deficiency (VAD), iron deficiency and iodine deficiency, with zinc being recently added (Kuhnlein, 2003) . According to Fuglie, (2001) , M. oleifera has gained popularity as a source of nutrition that can feed the needy, and save lives as well. Moringa leaves or leaf powder can be used successfully as a complex food to nourish small children, pregnant women and nursing mothers as a treatment for malnutrition, because it has significant quantities of vitamins A, B, C, calcium, iron and protein (Ramachandran et al., 1980) . The aim of this study was to investigate the effect of mineral and biofertilizers on the growth, mineral content, total phenol, total antioxidant, protein and carbohydrates content of Moringa oleifera seedling planted under two different soil types. (Hassouna et. al 1998) . HALEX biofertilizer was obtained from Plant Pathology Department, Faculty of Agriculture, Alexandria University, Egypt.
MATERIALS AND METHODS

3-Experimental techniques
Seeds of M. oliefera were soaked in water for three days, water was changed every twelve hours. Then they were sown in seedbeds contained 1:1 sand: peatmoss in March (2013 and 2014) for both seasons successive. The seedlings were transplanted after 30 days into polyethylene bags, (35 cm height 25 cm in diameter). Each bag was filled to about 2cm from the rim with three Kg of soil based on dry weight. Seedlings were watered with tap water until they attained nine months old. Fertilization treatments are:
Fertilizers were added (as the seedling aged 75 and 135 days) in two dressings, first in mid-May and the second in mid-July in two successive growing seasons.
Growth parameters 1-The height of seedlings (cm) was measured by the end of every month in the two growing seasons. 2-Total fresh weight (g) (TFW). 3-Total dry weight (g) (TDW). Chemical analysis Mineral content were determined as follows:
Total Nitrogen was determined in the leaves plants according to Nessler's method (Chapman and Pratt, 1978) . Phosphorus was determined by the Vanadomolybdate yellow method Jackson, (1958) using Millton Ray spectronic 21 D. Total potassium content in the plants was determined according to the method described by Jackson (1958) using Beckman flame photometer. Calcium and Magnesium content in the plants were determined according to the method described by Jones and Steyn (1973) .Total iron content in the plants was determined according to the method described by Anonymous (1989) .
Protein content and others:
Protein content in the plants was determined using were Kjeldahl method (Page et al, 1982) . Carbohydrates leaves determined according to the method described by Weinmann and Reinhold (1946) . The total antioxidant activity (TAA %) was measured by the 2.2-diphenyl-1-picrylhydrazyl method (DPPH, Sigma-Aldrich) . Finally, total phenolic content was determined with the Folin-Ciocalteau assay .
The layout of the experiment was split-plot design with six replicates. Each replicate contained three plants. The main plot was soil types, while subplots were fertilizer treatments. The means of the individual factors and their interactions were compared by L.S.D Test at 5% level of probability according to Steel and Tarrie (1980) . RESULTS AND DISCUSSION Effect of soil types and fertilizer treatments on growth parameters:
1-Seedings height (cm) -First season:
The analysis of variance revealed that the differences among soil types and among fertilizer treatments were highly significant. In addition, the interaction between soil type and fertilizer treatments was highly significant in terms of seedlings height. Table (1) shows the height (cm) of the M. oleifera seedlings as affected by the soil types and fertilizer treatments at the end of the first and second seasons.
In the first season, data presented in Table ( 1) showed that the height of seedlings growing on sandy loam soil was significantly higher than those grown in mixture of peatmoss and sand (PS). However, the seedling height was 95.79 cm for sandy loam soil (SL), 76.55 cm was for PS one. Table ( 1) showed that all fertilizer treatments enhanced the height of the seedling significantly. The highest seedlings height was with FT5 (135.91 cm), while the second in the rank was with FT4 (104.58 cm).
The seedlings fertilized with biofertilizer (FT6) were the fourth in the rank, since it showed height of 75.58 cm. On the other hand, the seedling treated with, FT3 and FT2 displayed 87.80 and 65.20 cm in the height, respectively. However, control treatment (FT1) induced the lowest, value (48.66 cm). The mean values of the interaction between fertilizer treatments and soil types indicated that the highest seedlings height was with treatment FT5 for both soil types, since it was 154.50 and 117.33 cm for soil type 1 and soil type2, respectively (Table 1) .
However, treatment FT1 (control) produced the lowest shoot height (56.50 and 40.83cm) for soil 1 and 2, respectively. While treatment FT4 for soil type1 and soil type2 recorded 112.50 cm and 96.66 cm, respectively. The differences between FT5 and FT4 were not significant. The lowest height was obtained with control plants.
2-Plant height (cm) (PH) -Second season:
The trend of statistical analysis results of the second season in similar to that obtained in the first one. The data presented in Table ( 1) showed that the seedlings growing in soil type1 displayed PH higher than that of those growing in soil type2. However (129.44 and 99.27 cm), respectively (Table 1) .
With fertilization treatments, seedlings of M. oleifera showed different responses. The ranking was: FT5, FT4, FT3, FT6, FT2 and FT1, that they recorded 155, 147.58, 112.66, 102.70, 92 .08 and 76.13 cm, respectively. Table ( 1) indicated that the seedlings of treatment FT5 the two soil types displayed the highest PH (174.75 and 135.25 cm) for soil type1 and soil type2, respectively. However, seedlings of FT1 (control) displayed the lowest PH (96.50 and 55.75 cm for soil type1 and soil type2, respectively). However,.
As for the fertilization effect, it has been found that the treatment FT5 induced the highest PH (155.00cm), followed by FT4 (147.58cm), whereas the lowest value was for the treatment FT1 (76.13 cm).
Based on the significant interaction between the impact of fertilization and soil used, it was obvious that the treatment FT5 has produced the highest PH for both soil mixture used (174.75and 135.25 cm)for soil 1 and soil 2, respectively (Table 1) .
3-Total fresh weight (g) (TFW) -First season:
The statistical analysis of variance revealed that there were highly significant differences for the total fresh weight (g) owing to soil type and fertilizer treatments, however, the interaction between soil type and fertilizer treatments was highly significant. Table  ( 2) showed that TFW for seedlings growing on the soil type1 was significantly higher than that of those growing on soil type2, and (44.69 and 35.35g, respectively).
As for the fertilization effect, it has been found that the treatment FT5 induced the highest TFW (64.86g), followed by FT4 (51.01 g), whereas the lowest value was for the treatment FT1 (14.93 g).
Based on the significant interaction between the impact of fertilization and soil used, it was obvious that the treatment FT5 has produced the highest TFW for both soil mixture used (77.68 and 51,68 g) for soil 1 and soil 2, respectively (Table 2) .
4-Total fresh weight (g) (TFW) -Second season:
The trend of statistical analysis results of the second season in similar to that obtained in the first one.
As for the fertilization effect, it has been found that the treatment FT5 induced the highest TFW (80.45 g), followed by FT4 (70.19 g), whereas the lowest value was for the treatment FT1 (26.85 g).
Based on the significant interaction between the impact of fertilization and soil used, it was obvious that the treatment FT5 has produced the highest TFW for both soil mixture used (90.03and 70.86 g) for soil 1 and soil 2, respectively (Table 2) .
5-Total dry weight (g) (TDW) -First season:
The results of analysis of variances revealed that the differences among soil types and fertilizer treatments were highly significant. In addition, the interaction between soil types and fertilizer treatments were highly significant of TDW for first season.
As for the fertilization effect, it has been found that the treatment FT5 induced the highest TDW (38.22 g), followed by FT4 (29.65 g), whereas the lowest value was for the treatment FT1 (7.78 g).
Based on the significant interaction between the impact of fertilization and soil used, it was obvious that the treatment FT5 has produced the highest TDW for both soil mixture used (41.35 and 35.08g )for soil 1 and soil 2, respectively (Table 3) .
6-Total dry weight (g) (TDW) -Second season:
As for the fertilization effect, it has been found that the treatment FT5 induced the highest TDW (40,45g), followed by FT4 (35.11 g), whereas the lowest value was for the treatment FT1 (10.55 g).
Based on the significant interaction between the impact of fertilization and soil used, it was obvious that the treatment FT5 has produced the highest TDW for both soils mixture used (43.55 and 37.35 g )for soil 1 and soil 2, respectively (Table 3) .
On the other hand, the results obtained from the study were in harmony with those obtained by Xu (2011) found that N, P, K, had different significant effect on the biomass Moringa oleifera seedlings. In addition, NPK fertilizer at level 15g had the best results in the number of leaves of M. oleifera (Aduradola, 2012) . However, biofertilization increased growth of the M. oleifera seedlings. (Mona, 2012) The highest records of shoot and root lengths, and shoot and root dry weights were obtained with soil inoculation with mixed cultures of (Azotobacter chroococcumand Saccharomyces cerevisiae) and (Azot. chroococcumand Bacillus circulans). Abdullahi et al. (2013) suggested that application of urea fertilizer at the rate of 200 kg ⁄ ha will be the best for M. oleifera, in terms of biomass production. However, Isaiah (2013) investigated the effects of inorganic fertilizer on the growth and nutrient composition of M. oleifera leaves. N: P: K: fertilizer was applied at five levels which include 0, 30, 60, 90 and 120kgN: P: K/ha. He found also that 120kgN: P: K/ha significantly produced more leaves and gave best height and stem girth. Attia et al. (2014) investigated the effect of mineral fertilizers, biofertlilzers and organic fertilizers on yield of leaves of M. oleifera on sandy soil at two rates 0.3 and 0.6 kg ⁄ tree of NH4NO3, 0.13 and 0.26 kg/tree of calcium super phosphate and 0.15 and 0.3kg/tree of K2SO4, 1.5 kg compost/tree with 1liter biofertilizers/tree (Azotobacter and Bactria solvedphosphor). They found that the yield components of M. oleifera trees were increased with increase of NPK fertilizers rates and integration between fertilization types.
7-Mineral content (N, P, K, Ca, Mg, Fe): 7-1-Nitrogen content (N %):
Based on analysis of N content of the M. oliefera leaves, it was detected that the treatment FT5 with soil type1 contained the highest content N (5.42 %) compared with the same treatment with soil type2 5.21 % (Table 4) , followed by the FT4 for soil type1 and soil type2, (4.49 % and 4.74 %,respectively). It was found that N content was 3.58 %, 3.52 % and 3.06 % for treatment FT6, FT3 and FT2, respectively which grown on soil type1 (Table 4) . However, N content was 3.38 % 3.19 % and 2.62 % for FT3 FT6 and FT2 with soil type2, respectively. The lowest N content was found in FT1 (control) for soil type2 (2 2.21 %) and soil type1 (2.54 %) (Table 4) .
7-2-Phosphorus content (P %):
Analyzing P content of the M. oliefera leaves, it was detected that the treatment FT5 with soil type1 contained the highest content 1.63 % compared with FT5 with soil type2 1.56 % (Table 4) , followed by the treatment FT4 for soil type1 and type2, (1.08 % and 1.06 %, respectively). It was found that P content was 0.97 % 0.93 % and 0.86 % for FT3 FT6 and FT2, respectively with soil type 1, while P content was 0.95 % 0.89 % and 0.75 % for FT3 FT6 and FT2 with soil type2, respectively. The lowest P content was found at FT1 with soil type2 (0.56 %) and type 1 (0.71 %) ( Table 4) .
7-3-Potassium content (K %):
Table (4) showed that M. oliefera leaves showed higher K content in FT5 (1.93 % for soil type1, 1.82 % for soil type2), followed by FT4 for soil type1 and recorded 1.59 %, and 1.42 % for soil type2, while the lowest K content was for FT1, since was 0.57 % and 0.51 % for soil type1 and soil type2, respectively. The leaves of M. oleifera grown on soil type1 recorded high K content as compared with soil type2 for treatment FT6)(1.32% and 1.29%, respectively), followed by FT3( 1.22% and 1.12% for soil type1 and soil type2 respectively). However, K content in FT2 recorded 1.15 % and 1.06 % for soil type1 and 2, respectively. The lowest K content was with FT1 both in soil type1 and 2, 0.57 % and 0.51%, respectively.
7-4-Calcium (Ca %) content:
The treatment FT5 with soil type1 has brought about the highest Ca content in leaves of M. oleifera (5.61 %) compared with the same treatment with soil type2 5.12% (Table 4) , followed by the treatment FT4 for soil type 1 and soil type 2, it was 4.99 % and 4.51 % respectively. It was found that the Ca content was 3.33% 4.00% and 3.15 % with the treatments FT6 FT3 and FT2 with soil type2, respectively. However, Ca content of M. oliefera leaves was 3.92 % 3.12 % and 3.00 % for FT3, FT6 and FT2 with soil type 2, respectively. The lowest Ca content was found at control treatment FT1 with soil type2 1.99 %, and with soil type1 2.21%.
7-5-Magnesium (Mg %) content:
For Mg content, the M. oliefera seedlings grown on soil type1 recorded the highest content compared with soil type2 under different fertilizer treatments. Table ( 4) indicated that the treatment FT5 for the seedlings grown soil type1 induced the highest content of Mg (1.42%) compared with FT5 (1.22%) for soil type2, followed by FT4 of soil type1 and soil type2, (1.32 %and 1.11%, respectively).
It was found that the Mg content was (1.30 %, 1.29% and 1.22 % for FT3 FT6 and FT2, respectively) with soil type1, while it was 1.21% 1.22% and 1.11 % for FT3 FT6 and FT2 with soil type2, respectively. The lowest Mg content was found at FT1 with soil type2 0.90 % and soil type1 1.01%.
7-6-Iron content(Fe ppm):
Table (4)showed that the M. oliefera leaves under fertilizer different treatments and two soil types had the highest Fe content at FT5 310 ppm with soil type1, and 301 ppm with soil type2, follwed by FT4 for soil type1 289 ppm and for soil type2 272 ppm, while the lowest Fe content was with FT1 (167 and 153 ppm for soil type1 and soil type2, respectively). The leaves of M. oleifera grown on soil type1 recorded high iron content compared with soil type2 in treament FT6 (233 ppm and 229 ppm), respectivelv, followed by FT3 231 ppm and 220 ppm for soil type1 and soil type2, respectively. However, Iron content in FT2 recorded (177 and 164 ppm) for soil type1 and soil type2, respectivly.
8-Protein content:
Table (5) showed the protein content % of leaves of M. oleifera seedling under two different soil types and fertilizer treatments. The higher protein content was with FT5( 23.28% for soil type1, and 18.84% for soil type2), followed by FT4 for soil type1, 19.23%, and 16.34 % for soil type2, while the lowest protein content was with FT1, it was 15.39% and 13.82% for soil type1 and soil type 2, respectively.
Soil type1 recorded the high protein content as compared with soil type2 for treatment FT6 and they recorded (17.15% and 15.73%, respectively), followed by FT3 17.75% 15.28% for soil type1 and soil type2, respectively. Protein content in FT2 recorded (16.89 % and 14.43 % for soil type1 and soil type2, respectively).
9-Carbohydrates content:
Analyzing carbohydrates content of M. oliefera leaves, it was detected that soil type1 recorded the high carbohydrates content compared with soil type2 of M. oliefera leaves under fertilizer treatments (Table 5 ). The treatment FT5 with soil type1 contained the highest content (18.28%) compared with the same treatment (17.50%) with soil type2, followed by the treatment FT4 for soil type1 and soil type2, it was (16.11% and 15.11 % respectively). It was found that the carbohydrates content were 15.20% 15.62%and 14.22% with treatments FT6 FT3 and FT2 with soil type1, respectively; however, they were 14.80% 14.90% and 14.00% with soil type2, respectively. The lowest carbohydrates content was found at FT1 with soil type2 13.40%, while it was with soil type113.92 %.
10-Total antioxidants activity (TAA %):
Table (5), indicated that soil type1 recorded the highest total antioxidants activity (TAA %) compared with soil type2 of M. oliefera seedling leaves under fertilization treatments. Based on analysis TAA% of the M. oliefera, it was detected that the treatment FT5 for soil type1 contained the highest content (56.24% compared with 43.11% soil type2, followed by the treatment FT4 for soil type1 and soil type2), (41.38% and 35.02 %, respectively).
It was found that the TAA% were (34.19 % 47.48% and 30.61% for FT3 FT6 and FT2, respectively) with soil type1, however it was (35.01% 34.36% and 34.36% for FT3 FT6 and FT2 with soil type2, respectively). The lowest TAA% was found at FT1 with soil type2 31.73% while it was31.29% with soil type1 Table (5) .
11-Total phenols:
Analyzing total phenols content of the M. oliefera leaves, it was detected that the treatment FT5 with soil type 1 contained the highest content (125.1 mg GAE/g extract) compared with the same treatment 120.1 mg GAE/g extract with soil type2 (Table 5) , followed by the FT4 for soil type1 and for soil type2, (120.1 and 100.01 mg GAE/g extract, respectively). It was found that the total phenols content were 95.01, 100.01 and 95.1mg GAE/g extract for treatments FT6 FT3 and FT2, respectively with soil type 1, however, it was 70.01, 75.01 and 60.01mg GAE/extract for FT6, FT3 and FT2 with soil type2, respectively. The lowest content was found at FT1 (control) with soil type2 45.1mg GAE/g extract, while it was 49.01mg GAE/g extract with soil type1.
These results were in line with the findings of many investigators. Ndukwe et al., (2011) demonstrated that fertilizer treatment using 30kgN: P: K/ha gave the highest value of calcium and iron content in Moringa leaves, while phosphorus concentration was best be supported by 60kgN: P: K10:10:10/ha. Alternatively, higher application of P may expose the plant nutrient to larger surface area that can enhance fixation of the nutrient.
In addition, Isaiah (2013) investigated that the effects of inorganic fertilizer on the growth and nutrient composition of M. oleifera leaves. N: P: K: fertilizer was applied at five levels which include 0, 30, 60, 90 and 120kgN: P: K15:15:15/ha. The highest fertilizer rate of 120kgN: P: K/ha produced the highest protein content (19.01%), there is therefore, such trend may be observed with higher fertilizer rate. In diet that requires more calcium and iron minerals, fertilizer could be applied at 30kgN: P: K/ha while 60kgN: P: K/ha favors phosphorus accumulation in the leaves. (Mona, 2012) . In the other study by Makinde (2013) , the highest fertilizer rate (120 kg N: P: K 15:15:15/ha) produced the highest protein content (19.01%) and the other yield parameters of M. oleifera plants However, Mendieta et al. (2013) showed that the highest protein content was found in the Moringa vas at N fertilizer levels 521 and 782 kg N/ha/year (87.9 and 93.7 g kg -1 DM) compared with lower levels. Azza et al. (2014) stated that the Phosphorine and Nitrobine gave the highest carbohydrates content; all biofertilizers treatments increased nutrients contents compared with the control. However, Attia et al. (2014) concluded that the effect of fertilization types application on yield components, nutrients concentration, total phenols and total antioxidants activity in leaves and seeds of M. oleifera trees can be follows; NPK fertilization > organic matter (OM) fertilization > bio fertilization. 
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